A market survey conducted in Mexico yielded 579 wood specimens attributed to 92 genera belonging to 40 families. The fluorescence characteristics of these timbers and their extracts were determined. Additional tests were conducted for the presence of natural saponins and aluminium. The combustion behavior (burning splinter test) was also studied. The results obtained largely concur with information on wood fluorescence and other physical characteristics published earlier. The families Fabaceae, Anacardiaceae and Rubiaceae showed positive fluorescence for a large number of genera or species. Vochysia was the only genus with a positive reaction to the test for aluminium. The froth test for natural saponins can contribute to wood identification in specific cases. The results of the burning splinter test are unambiguous only as regards the difference between charcoal and ash; ash characteristics (consistency, color) are difficult to interpret and their successful application in wood identification considered doubtful. The use of fluorescence and other physical features can be a very useful adjunct to the classical methods of wood identification in specific cases arising from the market situation and may be applied as rapid and easy tests to verify certain identifications.
INTRODUCTION
In order to know more about the composition of the timber market in Mexico, a survey was conducted in 1997 covering all major market places in the country, especially in the large urban centers such as Monterrey (northeast), Puebla, Toluca and Mexico City (central), Guadalajara (west) and Merida (southeast). This survey yielded 579 wood specimens with information on trade names and origin. By means of general, macroscopic and microscopic features the specimens were identified to the family, genus, and in some cases to the species level.
Mexico has a large population of 110 million and a correspondingly large and growing timber market. However, at the time of the survey Mexican forests supplied only about 30% of the timber (less than 40% of value) used in the country, most of it pine (Pinus spp.) followed by a large number of tropical timbers in small quantities (Silva Guzmán 1998) . The remaining volume was and is imported largely from North America (Canada, USA) and South America, notably from Brazil, Colombia, Bolivia, Peru, and Chile (plantation-grown radiate pine and eucalypt species).
The survey revealed considerable error as regards common names under which the diverse timbers are marketed. Error percentage, i.e., wrong names applied, varied from a low 4% at the market in Merida, Yucatan, where mostly local timbers are traded, to a high of 44 to 50% in the state of Veracruz where a sizable proportion of imported timber arrives. Moreover, many examples of indiscriminate use of the names of well-known trade timbers were observed, i.e., "teca" (Tectona grandis), "cedro" (Cedrela spp.), "caoba" (Swietenia macrophylla) and "maple" (Acer spp.) adopted for lesser known timbers of inferior quality such as Hymenaea ("teca"), Guarea and Virola ("cedrillo"), Vochysia ("caoba clara"), and Brosimum alicastrum ("arce/maple tropical").
Since Mexican importers, vendors and manufacturers alike lack the means and the determination to check the identity of the timbers traded in the market, a DELTA-INTKEY database for computer-aided identification was developed at the Departamento de Madera, Celulosa y Papel (DMCyP) of the University of Guadalajara (Silva Guzmán 1998) to assist identification of trade timbers at the macroscopic level. The character list used for this database also includes all physical-chemical features adopted by the IAWA List of Microscopic Features for Hardwood Identification (IAWA Committee 1989). The results on heartwood fluorescence, fluorescence of water and ethanol extracts, presence of saponins (froth test) and aluminium (chrome azurol-s test) in wood, and combustion behavior (burning splinter test) presented in this paper cover the timbers found in the 1997 survey, amended by few additional imports which have since become part of the market in considerable quantities.
Surface fluorescence and that of water as well as ethanol extracts, the presence of saponins and aluminium can relatively easily be determined. Comprehensive information on surface fluorescence at the generic and specific level is available from Miller (2007) who surveyed the Madison (MADw) collection. Avella et al. (1988) examined heartwood fluorescence of specimens in the Tervuren (Tw) wood collection, but summarized their results in a very general list without details on fluorescent species. Dyer (1988) reported on fluorescence of heartwood as well as water and ethanol extracts of wood specimens representative of the collection of indigenous timbers at the South African Forestry Research Institute, Pretoria. Fluorescence characters have also been used by Quirk (1983) for computer-assisted identification of tropical trade timbers. Some information on important trade timbers from Europe, Africa, Asia and South America is also available from the computer-assisted DELTA-INTKEY identification keys based on microscopic (Richter & Dallwitz 2000) and macroscopic wood features, the latter dealing with 60 commercial timbers (Richter et al. 2002 onwards) as well as CITES-protected and similar timbers (Richter et al. 2005 onwards) . Information on the presence of saponins (froth test) is available for the timbers included in the two macroscopic databases as well as for the South African wood specimens studied by Dyer (1988) , who also reports on the presence of aluminium (chrome azurol-S test).
The burning splinter test has so far been used only on a very limited scale, mainly in Australia as an aid in the identification of Eucalyptus species (Mann 1921; Welch 1922; Swain 1927; Dadswell & Burnell 1932) . It has also been implemented in "Identification of Hardwoods" (Anonymous 1960) and in the two DELTA-INTKEY macroscopic wood identification keys cited above.
MATERIALS AND METHODS
The material studied originated from the above described large-scale survey of the Mexican timber market covering trade in all major urban centers and also smaller markets in timber producing areas. In most cases, shops provided trade names for the collected specimens and, for imported stock, the country of origin. However, early cross checks against reference material available at the Guadalajara wood collection (GUAw) revealed that the information gathered from the suppliers was rather unreliable. Hence, all collected specimens were subjected to a thorough macroscopic and microscopic wood identification routine by comparison with the vouchered reference material at the Hamburg-Reinbek (RBHw) wood collection of the Federal Research Center for Forestry and Forest Products, Hamburg, Germany, before starting with the physicalchemical tests. All tests were conducted in accordance with the methods described by the IAWA Committee (1989), with minor modifications described below. The results are summarized in Table 1 .
Heartwood surface fluorescence was determined in a darkroom from freshly prepared (planed or scraped) transverse and/or longitudinal surfaces exposed to a low intensity, long wave ultraviolet light (around 365 nm). The specimens were recorded as either fluorescent (color and intensity) or not fluorescent (NF). Only specimens which exhibited a definite yellow, green, orange or blue fluorescence were recorded as fluorescent.
For water and ethanol extracts, color and intensity of fluorescence were scored accordingly. The terms "milky white" and "milky grey" were added to those listed by the IAWA Committee (1989) as these extracts appeared definitely fluorescent but would not fit any of the given color categories. In accordance with Miller (2007) dull blue and brown reactions were scored not fluorescent, as these observations are likely due to reflections of the UV light.
Froth test specimens were scored as positive (high intensity) if 1 minute after shaking vigorously, froth was still present and covered the entire surface of the solution, negative if all froth had disappeared, and variable if froth was still present around the edge of the test tube but did not extend over the entire surface of the liquid column.
For the Chrome Azurol-S test (presence of aluminium) described in detail by Kukachka and Miller (1980) , two drops of the solution were applied to the freshly exposed end grain of each specimen. A positive reaction developed a bright blue color in a matter of minutes. Since only one of the identified trade timbers reacted positive, this feature is not included in Table 1 .
The burning splinter test describes the physical state of a match-sized wood splinter after combustion, i.e., to full ash, partial ash, and charcoal. In addition, the color of the ash is recorded. The descriptive classifications for appearance of the burned splinter are those first recommended by Dadswell and Burnell (1932) . Rather than following the recommendation by the Committee IAWA (1989) to record the color of ash as "other than above" when it cannot be attributed to the categories bright white, white to grey or yellow brown, the color is described in each individual case. Except for wood surface fluorescence reported by all earlier reports on physical-chemical features cited in the introduction, information on water and ethanol extract fluorescence, presence of saponins and aluminium, and combustion behavior for larger groups of taxa is only sporadic. This shortage of relevant literature leaves few options for comparison of information obtained by the present study. However, the results reported below by and large agree with those already published not withstanding the fact that a direct taxon to taxon comparison is rarely possible. Furthermore, the authors are fully aware of the possible pitfalls associated with working on unvouchered wood specimens collected in the market place. To offset this shortcoming, considerable effort was invested in identifying the collected samples microscopically by comparison with vouchered reference material. However, results for specimens whose wood structure allowed attribution only at the generic level may not be representative for all species of the respective genus.
Wood identification
By means of macro and microscopic identification, the latter conducted at the Institute of Wood Biology and Wood Protection of the Federal Research Center for Forestry and Forest Products, Hamburg, Germany, the specimens collected could be attributed to 103 taxa (92 genera) belonging to 40 families, counting the Fabaceae subfamilies as separate units (Table 1) . In some instances, an identification to the species was possible, among others Cosmocalyx spectabilis and Cedrelinga catenaeformis (monotypic genera), Haematoxylum campechianum (one of two species in the genus, easily separated by macroscopic and microscopic characters), or Swietenia cf. macrophylla, the only species of the genus in commerce.
By far the largest number of taxa identified belong to Fabaceae (formerly Leguminosae), subfamilies Faboideae (15), Caesalpinioideae (6), and Mimosoideae (6). Other well represented families are Anacardiaceae (6), Bombacaceae, Meliaceae, Rubiaceae and Sapotaceae (4 taxa each). The remaining families are represented by one to three taxa, the number indicated in parentheses after the family name.
Heartwood fluorescence
The data presented in Table 1 consider fluorescence color and intensity levels (high and medium). Very weak or local fluorescence is commented as such. Of the 103 taxa tested for heartwood fluorescence, 22 were positive in that some or all of the specimens fluoresced. This represents 21% of the total examined. The fluorescence colors were yellow, yellowish-green, green, greenish yellow and orange at different intensity levels, yellow or yellowish green being the most common. Specimens exhibiting an exceptionally bright fluorescence belong to the families Anacardiaceae, Fabaceae, and Rubiaceae. This is in very good agreement with Miller (2007) , Quirk (1983) , Avella et al. (1988), and Dyer (1988) who all emphasize the high frequency of fluorescent taxa in one or more of the families mentioned.
Water extract fluorescence
Water extract fluorescence was encountered in 17 taxa but the color reactions were rather uniform, mainly hues of blue and green, rarely of yellow and orange. Bright water extract fluorescence was observed primarily in taxa of Fabaceae-Faboideae, an observation which largely coincides with Dyer (1988) who reported a higher incidence of water extract fluorescence in Faboideae than in Caesalpinioideae (Guibourtia arnoldiana, Umtiza listerana) and Mimosoideae (Acacia tortilis).
Ethanol extract fluorescence
Ethanol extract fluorescence was encountered in 41 of the examined taxa, much more frequent than heartwood or water extract fluorescence. The fluorescence colors were also more variable, adding milky white or grey, orange, pink and purple hues to the common blue, green and yellow. Exceptionally bright fluorescence was observed in some Fabaceae-Faboideae and in the two genera of Oleaceae (Fraxinus and Haenianthus). In 28 taxa showing an ethanol extract fluorescence the corresponding water extract showed no fluorescence. In 13 taxa both water and ethanol extracts fluoresced, and in only 4 taxa water extract fluoresced and ethanol extract did not.
Froth test
Positive reactions were observed in specimens of 48 taxa, just under 50% of the total. They were very intense in one Ilex specimen, among Fabaceae-Mimosoideae (the strongest in Cedrelinga cataeniformis with froth formation that filled the entire test tube and continued stable for several hours), the other Fabaceae subfamilies, Sapotaceae, and in several families represented by only one or few taxa such as Celastraceae (Table 1) . This pattern agrees with Dyer (1988) who found the most intense reactions with Ilex mitis (Aquifoliaceae), and with taxa of Celastraceae, Fabaceae, Sapotaceae and others.
Chrome Azurol-S test
Only one taxon reacted positive to the test for presence of aluminium, i.e., specimens attributed to the genus Vochysia (Sterculiaceae). This finding agrees with observations by Kukachka and Miller (1980) , the information contained in the DELTA-INTKEY database for microscopic identification of commercial timbers (Richter & Dallwitz 2000 onwards) and with the notes accompanying this feature in the IAWA List of Microscopic features for Hardwood Identification (IAWA Committee 1989) listing all Vochysiaceae as highly positive. However, specimens identified as Erisma, Vochysiaceae, did not show a positive reaction.
Burning splinter test
Splinters burned to charcoal (blackened and charred remains, but still solid) were found in 15, splinters burned to full ash in 55, and splinters burned to partial ash in 33 of the taxa examined. As regards ash color a light grey ("white to grey") is found most commonly (44), followed by bright white (23) and, in lesser frequency, various shades of darker grey to nearly black. Yellow-brown ash was observed only in one case (Pinus, "hard pine" group).
